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I.  PURPOSE 

Th«  eoncerntd  contract  calls  for  an  Invastlgatlon  of  the  prob¬ 
lems  of  measurement  of  the  response  of  passive  electronic  parts  and 
devices  to  pulsed  nuclear  radiation  with  a  view  toward  establishing 
optimum  techniques  for  ouiss  testing  of  said  parts  and  devices. 

A  two  phase  effort  is  provided  for  by  the  contrect.  Phase  A  con¬ 
sists  of  an  Investigation  of  the  problems  Involved  In  the  measurement 
of  radiation  effects  In  passive  parts  and  a  refinement  of  experlawntal 
techniques.  Phase  B  covers  a  pilot  testing  program  of  representative 
parts  using  the  techniques  established  In  Phase  A. 

The  third  quarter  Is  devoted  to  a  continuation  of  the  experimental 
effort  of  Phase  A  of  this  program.  The  results  of  the  tests  of  the  pro- 
ceding  quarters  are  Incorporated  Into  a  measuring  technique  which  is 
to  be  tested.  Further  Improvement  is  also  sought  in  the  a.c.  carrier 
technique  of  measuring  transient  changes  In  capacitance. 
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II.  ABSIRADT 

This  rsport  oovsrs  the  results  of  Irredletlon  tests  at  the 
Saudis  Pulsed  Reaetor  Faellity  in  Albuqusrque,  New  Nexieo,  during 
the  week  of  February  4,  1963*  The  tests  were  performed  using  an 
experimental  teohni<iua  for  transient  affects  measur«aants>  which 
should  eliminate  the  interfering  effects  of  coaxial  cables.  This 
system  was  used  in  the  following  areas  of  investigation! 

1.  Coaxial  cable  tests. 

2.  Kleetrostatic  shielding. 

3.  d.o.  capacitor  tests. 

4.  a.c.  capacitor  testa. 

The  coaxial  cable  tests  with  the  suggested  tachnlque  revaal 
a  "cross -over"  voltage  naar  sero  for  coaxial  cables,  which  greatly 
sliiq>llfies  transient  effects  measurements.  These  tests  serve  to 
prove  the  system  out  for  a  great  number  of  transient  radiation  ef- 
fecta  teats. 

Variations  in  the  type  of  electrostatic  shielding  were  triad 
on  a  two  watt  carbon  compoaition  resiator,  but  thesa  testa  ahowed 
that  electrostatic  shielding  may  not  be  needed  for  many  parts  using 
the  proposed  experimental  system,  because  the  aluminum  box  used  in 
this  system  for  mounting  the  part  already  provides  sufficient  elec¬ 
trostatic  shielding. 

Additional  coufirmatlon  of  the  proposed  experimental  techniqua 
waa  obtained  in  the  d.o.  capacitor  tests  through  the  yielding  of 
consistent  results.  Dose  damage  to  the  paper  capacitors  used  was 
revealed,  and  the  leakage  conductivities  calculated  agree  with  the 
results  of  other  investigators.* 

Amplitude  demodulation  techniques  were  tried  in  the  a.c. 
carrier  method  of  measuring  capacitance  change  in  order  to  increase 
sensitivity,  but  the  tests  failed  to  produce  reproducible  results. 
Dose  damage  to  the  capacitors  indicates  that  new  capacitors  should 
be  used  in  each  burst.  Methods  are  being  investigated  to  improve 
laboratory  calibration  of  the  system. 


*  loe.  cit. 
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III.  PUBLICATIONS.  LECTURES.  REPORTS  AND  CONFERBNCE8 


(Nona) 
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IV.  FACTUAL  DATA 

On  tht  basis  of  the  results  of  the  previous  quarters^  a 
technique  Is  proposed  whlch^  It  Is  hoped,  will  solve  nost  of  the 
problem#  Involved  In  the  measurement  of  transient  radiation  effects 
In  passive  parts.  The  parts  are  mounted  In  a  small  aluminum  box  with 
the  "signal"  cable  mounted  without  connector  so  that  attachment  of 
the  part  can  be  made  directly  to  the  center  conductor.  The  outer 
conductor  or  shield  Is  Isolated  from  the  box  to  provide  for  biasing 
the  shield.  The  system  Is  diagrammed  In  Figure  1.  The  second  cable 
Is  provided  for  applying  voltages  to  the  lower  end  of  the  part,  and 
any  type  of  cable  or  shielded  wire  can  be  used  for  this  purpose  since 
the  signal  does  not  appear  at  this  point,  l.e.  It  Is  at  a.c.  ground. 

The  purpose  of  the  box  Is  to  standardise  or  fix  the  physical 
environment  of  the  part  for  the  effects  of  secondary  emission  and 
external  leakage.  Thus  the  part  does  not  see  secondary  particle 
radiations  scattered  from  nearby  materials  since  these  are  absor¬ 
bed  by  the  box,  but  sees  only  those  scattered  from  the  box  Itself, 
and  this  remains  constant  In  the  tests.  External  leakage  Is  also 
standardised  because  the  conductor  and  ground  geometry  Is  fixed 
throughout  the  tests  by  the  presence  of  the  box. 

This  technique  was  investigated  In  the  various  tests  performed  at 
SPRF  and  described  below.  For  this  purpose  a  large  number  of  Identi¬ 
cal  boxes  were  constructed  and  mounted  around  the  reactor. 

!•  Coaxial  Cable  Tests 


A  number  of  tests  were  performed  without  parts 
mounted  In  the  boxes  In  order  to  determine  the  behavior 
of  the  coaxial  cable  alone  In  this  configuration.  For 
these  tests  the  cable  shield  was  grounded,  and  various 
cables  were  exposed  with  different  applied  voltages. 

This  was  done  primarily  to  determine  the  "cross-over 
point"  voltage  for  this  test  configuration. 

These  voltage  dependence  aieasurements  were  made 
under  three  different  conditions:  (1)  the  cables  were 
cut  flush;  (2)  the  cables  were  cut  with  one-half  Inch 
of  center  conductor  exposed;  and  (3)  the  cables  were  cut 
flush  and  a  two-watt  carbon  composition  resistor  was 
placed  Inside  the  box  to  determine  If  secondary  emission 


tn 


FIGURE  1:  TRANSIENT  EFFECTS  MEASUREMENT  SYSTEM 
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effects  from  the  reeietor  were  elgniflcent*  This  rests* 
tor  was  not  connected  to  the  cable*  The  setups  for  these 
measurements  are  shown  In  Figure  2* 

The  results  of  these  testa  are  shown  in  Table  I* 

The  striking  result  is  that  "cross-over"*  appears  to  occur 
very  nearly  at  aero  volts  for  all  three  test  conditions* 

The  pulses  for  the  flush  cables  were  consistently  much 
smaller  than  those  with  center  conductor  exposed*  In  some 
eases,  unusually  large  pulses  are  seen  to  occur  in  the  first 
burst,  but  in  subsequent  bursts  the  responses  settled  down 
to  reasonably  consistent  values*  Prior  irradiation  of  the 
cable  thus  appears  to  be  desirable  for  radiation  effects 
measurements*  However,  the  results  of  these  tests  indicate 
that  if  the  cable  is  aero-biased  such  preconditioning  is  not 
required* 

The  presence  of  the  two  watt  dummy  resistor  in  the  box 
apparently  has  no  effect  on  this  cable  response*  The  re¬ 
sponse  at  aero  volts  is  still  less  than  one  microampere,  so 
that  for  most  experiments  where  the  pulses  are  considerably 
greater  than  one  microampere,  the  effect  of  the  cable  can 
still  be  eliminated  by  aero-biasing* 

The  results  of  the  tests  with  center  conductor  exposed 
are  plotted  in  Figure  3*  The  effective  external  leakage 
resistance  for  positive  voltages  is  of  the  order  of  one  megohm 
as  compared  to  effective  leakage  resistances  for  the  flush 
cable  of  about  20  megohms*  The  saturation  effect  at  nega¬ 
tive  voltages  is  presumably  the  same  effect  observed  in 
cylindrical  geometry  ionisation  chambers,  the  negative  volt¬ 
age  on  the  exposed  lead  repelling  electrons  from  the  most 
effective  region  around  the  lead*  It  is  not  certain  whether 
the  apparent  buildup  with  successive  bursts  here  is  real  or 
simply  a  fortuitous  ordering  of  the  statistical  fluctuations* 

A  surprising  result  of  these  tests  is  that  at  aero  volts 
even  the  cables  with  exposed  center  conductor  show  a  secon¬ 
dary  emission  signal  an  order  of  magnitude  smaller  than  pre¬ 
viously  obtained  without  the  box*  (See  Second  Quarterly  Re¬ 
port)*  This  may  be  due  to  the  scattering  of  electrona  from 
the  box  and  onto  the  conductor,  cancelling  secondary  emission 
from  the  conductor* 


*  Second  Quarterly  Report 
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FLUSH  CABLE;  TEKTRONIX  TYPE  355 


EXPOSED  CENTER  CONDUCTOR: 


TEKTRONIX  TYPE  555 


DUMMY  RESISTOR;  FLUSH  CABLE: 


FIGURE  2:  EXPERIMENTAL  SETUP  FOR 
COAXIAL  CABLE  TEST 


TABLE  1 

TRANSIENT  EFFECTS  IN  EXPOSED  END  OF  RG  122 /U  COAXIAL  CABLE 
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FIGURE  3 

TRANSIENT  EFFECTS  IN 
COAXIAL  CABLES 
with  center  conduetot 
exposed 
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2.  Electroitatic  Shltldlna  T<gf 

Tha  pravloualy  taatad  alectroatatlc  shielding  tech¬ 
niques  for  removing  air  ionisation  leakage  were  again 
tested  in  the  aluminum  box  setup  of  Figure  1  with  carbon 
composition  resistors*  Four  shielding  configurations 
were  examined^  each  at  0  volts  and  4*  90  volts  on  the 
high  voltage  side  of  the  resistor*  The  configurations 
were:  (1)  resistor  unshielded^  (2)  high  voltage  lead 
shielded,  (3)  body  and  high  voltage  lead  shielded,  and 
(4)  same  as  (3)  except  that  resistance  paint  is  included 
as  described  in  the  Second  Quarterly  Report*  The  shield 
in  all  cases  was  at  ground  potential* 

The  results  of  these  tests  are  listed  in  Table  II* 
Except  for  a  few  large  responses  in  Burst  6,  the  data 
shows  no  definite  differences  in  the  effects  of  the  dif¬ 
ferent  types  of  shielding*  The  fact  that  the  unshielded 
case  shows  no  external  leakage  effect  is  because  the  box 
itself  effectively  shields  the  signal  lead  from  the  high 
voltage  end  of  the  resistor*  Most  of  the  electric  field 
lines  from  the  high  voltage  end  terminate  at  the  grounded 
box  rather  than  at  the  exposed  lead  of  the  signal  cable* 

A  point  to  be  observed  in  these  results  is  that  the 
responses  are  in  general  no  larger  than  occur  with  the 
cable  alone*  Thus  the  secondary  emission  effect  for  two 
watt  resistors  is  small  compared  to  these  cable  responses, 
i*e*  it  is  of  the  order  of  one  microampere  or  less* 

3*  Capacitor  D*C*  Tests 

The  internal  transient  radiation  effects  under  d*c* 
conditions  for  paper  0*01  microfarad  capacitors  were  also 
investigated  in  the  proposed  experimental  system  used 
throughout  these  tests*  External  leakage  is  negligible 
because  of  the  shielding  effect  of  the  aluminum  box  as 
observed  above*  The  signal  cable  is  at  sero  volts  and  the 
voltage  is  applied  at  the  lower  side  of  the  capacitor* 

The  results  of  these  measurements  are  plotted  in  Figure  4* 

At  positive  voltages  the  points  for  a  given  burst 
lie  very  close  to  a  straight  line,  a  fact  which  speaks 
well  for  the  experimental  system*  At  succeeding  bursts, 


TABLE  II 

TRANSIENT  EFFECTS  IN  ELECTROSTATICALLY  SHIELDED  RESISTORS 
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the  elope  of  the  line  increeeee  Indicating  greater  inter¬ 
nal  leakage  conductivity  due  to  dose  damage*  Using  a 
value  of  7  for  the  dielectric  constant  the  leakage  conduc¬ 
tivities  are  calculated  from 


to  be 


Burst _ tf  (mhos /cm) _ 

15  3.5  X 

16  4.1  X  10‘ 

171  t  ,  in’ll 

18/ 

These  values  agree^  at  least  quj^litatively^  with  the  values 
obtained  by  other  investigators  for  various  materials* 

The  saturation  effects  at  negative  voltages  again  may 
be  related  to  a  similar  phenomenon  in  cylindrical  ionisation 
chambers, 

4.  A*  C*  Tests: 


The  a*c*  carrier  technique  was  again  modified  for  these 
tests*  The  modified  system  is  shown  in  Figure  3*  Typical 
amplitude  demodulation  methods  are  employed^  using  a  diode 
detector  and  low  frequency  amplifier*  This  enables  increas¬ 
ing  sensitivity  of  the  system^  which  is  desirable  since  ampli¬ 
tude  changes  of  the  order  of  one  hundredth  of  one  percent  must 
be  measured  in  order  to  detect  capacitance  changes  less  than 
one  percent* 

The  system  was  calibrated  prior  to  irradiation  by  arti¬ 
ficially  switching  in  resistance  and  capacitance  increments 
and  measuring  the  frequency  response* 

0*01  microfarad  paper  capacitors  were  used  in  these 
measurements^  and  they  were  mounted  in  the  same  small  aluminum 
boxes  used  in  the  other  tests  described  in  this  report* 

These  tests  failed  to  show  reproducibility  and,  there¬ 
fore,  lead  to  no  useful  results*  Apparent  dose  daisage  to  the 
capacitors  was  observ'd  as  in  the  d*c*  tests*  Changing  the 
capacitor  produced  a  lifferent  behavior  from  that  of  a  capaci¬ 
tor  which  had  been  repeatedly  irradiated*  Both  inconsistencies 


*  B*  C«  Conrad,  Diamond  Ordnance  Fuze  Laboratory,  Report  No*  TR-1037, 

4  May  1962* 

S*  M*  Marcus,  Boeing  Airplane  Co.,  Report  No*  D2-6594,  February,  196 


I 

I 

I 

! 

I 
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FIGURE  5:  A.  C.  CARRIER  TECHNIQUE  DI. 
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and  changaa  were  also  obaarvad  In  tha  calibration  whan 
chackad  during  tha  taata.  Thla  phanomanon  la  balng  In- 
veatlgatad  and  attampta  will  ba  mada  to  allmlnata  thaaa 
changaa  and  Inconslatanclaa.  Both  axparloantal  procaduraa 
and  Inatrufflantatlon  will  ba  Invaatlgatad. 
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V.  CONCLUSIONS 


Th«  proposed  technique  for  asking  trsnslent  radiation  effects 
measurements  In  passive  parts  Is  confirmed,  at  least  for  Mssure- 
ments  close  to  the  reactor  at  SPRF.  Zero  biasing  the  "signal"  cable 
keeps  the  cable  responses  at  values  below  one  microampere. 

The  aluminum  box  used  In  this  system  also  provides  a  degree  of 
electrostatic  shielding,  thus  eliminating  the  effects  of  external 
leakage  through  air  Ionisation. 

The  system  yields  consistent  reproducible  results  In  the  measure¬ 
ment  of  Internal _^|akage  affects  In  capacitors.  A  leakage  conductivity 
of  a  ■  3.3  X  10  mhos/cm  was  determined  for  paper  capacitors  In  first 
burst  Irradiations  of  about  10^^  nvt  (neutrons  >  2.5  Mev)  and  3  x  lO' 
r/sec  gammas. 

Greater  sensitivity  Is  obtained  In  the  a.e.  carrier  technique  of 
measuring  capacitance  change  by  employing  amplitude  demodulation  methods, 
but  virgin  capacitors  should  be  used  In  all  sMasurements  and  better 
methods  of  system  calibration  are  required. 
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VI.  PROGRAM  FOR  NEXT  INTERVAL 

Preparations  will  ba  made  for  a  pilot  testing  program  using 
the  technique  studied  in  the  tests  described  in  this  report.  These 
tests  will  take  place  at  SPRF  during  the  week  of  April  29,  1963. 
Pilot  testa  will  be  run  on  various  types  of  resistors  and  capaci¬ 
tors.  Other  parts  may  be  included  if  the  schedule  permits. 

The  measurement  technique  itself  will  be  subjected  to  further 
tests.  These  will  include  tests  at  farther  distances  from  the 
reactor  to  determine  if  the  effective  "cross-over"  voltage  remains 
at  zero.  It  will  also  be  of  interest  to  check  the  system  with  both 
conductors  of  the  signal  cable  at  some  voltage  much  greater  than 
zero. 


The  a.c.  carrier  technique  will  again  be  tested.  Some  improve¬ 
ments  will  be  sought  in  the  technique.  Attempts  will  be  made  to  elimi 
nate  calibration  changes  and  inconsistencies. 
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Nucleonics  Rasaarch  Department  284  hours 
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Ross  L*  Blrdsall  Member  of  Technical  Staff 

Nucleonics  Rasaarch  Dapartmant  20  hours 

Nuclaonlcs  Division  _ 

839  hours 


-19- 


R,  L,  BIRDSALL 

Member  of  Technical  Staff 

Nucleonics  Research  Department 

Nucleonics  Division 

Education:  B.  A.,  Physics^  University  of  Utah 

Graduate  vork^  Physics,  University  of  New  Mexico 

Mr.  Blrdsall  Is  presently  engaged  In  the  research  and 
development  of  dosimetric  devices  and  techniques  such 
as  calorimeters,  glass  and  film  dosimeters,  scintilla¬ 
tion  detectors,  fission  foils,  and  Ion  chafers  used 
In  the  dose  measurement  of  particle  accelerators, 
pulsed  reactors,  and  nuclide  gamma  and  neutron  sources. 

Experience:  Prior  to  association  with  Hughes  Aircraft  Company,  Mr. 

Blrdsall  was  a  member  of  the  Technical  Staff  at  Sandla 
Corporation  for  10  years.  During  this  time,  he  super¬ 
vised  other  professional  personnel  In  the  quality  sur¬ 
veillance  of  radioactive  materials.  He  was  also  res¬ 
ponsible  for  the  radiation  safety  and  monitoring  of 
personnel  In  his  area.  He  had  5  years  experience  In 
the  field  of  radiation  standards,  developing  techniques 
for  the  calibration  of  radioactive  sources  and  radiation 
measurement  device.  He  has  had  extensive  experience  In 
the  use  of  particle  accelerators,  nuclide  gamma  and  neu¬ 
tron  sources,  and  nuclear  spectrometers. 
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